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© Angle diversity antenna with phased array feed. 

© An angle diversity antenna has a phased array 
feed (12) for producing multiple radiation patterns 
from the same reflector at slightly different launch 
angles. The phased array feed comprises a plurality 
of radiating elements and allows the radiation pat- 
tern, or antenna beam, to be electronically changed 
to receive the strongest RF signal, which may have 
been refracted by atmospheric conditions. The mi- 
crowave signal is reflected to a point (42) offset from 


focal point (14). Array elements (12) are phase 
aligned for receipt of the signal at point (42). Micro- 
wave switches or adjustable microwave phase shift- 
ers may be used for shifting the antenna launch 
angle. A capacitive probe (20), for instance, may be 
used to sense the power of the received signal. 
Control unit (24) is connected to phase shifters in the 
feed (12) by control cables (26). 
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Field of the Invention 

The present invention relates to microwave 
communications systems and more particularly to 
an angle diversity antenna utilizing a phased array 
feed for changing the antenna main beam angle 
corresponding to changes in atmospheric condi- 
tions. 

Descri ption of the Prior Art 

Transmissions at microwave frequencies are 
very susceptible to weather effects, particularly 
rain, because each rain drop can act as a small 
antenna in itself, absorbing or deflecting the micro- 
wave energy rather than allowing it to reach its 
destination. In passing through the atmosphere, 
radio waves may be attenuated by two basic 
mechanisms: absorption and scattering. Absorption, 
which is mainly due to oxygen and water vapor, is 
the result of the oxygen and water vapor absorbing 
the microwave energy, most severely at the reso- 
nant frequencies of the oxygen and water vapor. 
Scattering, which is due almost entirely to con- 
densed water vapor (e.g., raindrops) results in the 
deflection of the radio waves, thus resulting in the 
propagation of the radio waves in different direc- 
tions and angles than when initially transmitted. 

In addition, in those systems which utilize line- 
of-sight antennas, that is, communication systems 
which depend upon antennas using an electromag- 
netic wave propagation path with a calculated 
amount of atmospheric refraction, atmospheric dis- 
turbances such as solar radiation may cause the 
transmitted signal to be refracted differently at dif- 
ferent times. The refraction of the propagation path 
may be so great that the antennas may not be able 
to "see" each other. Thus, the effects of weather 
upon a microwave communications system can 
become so severe as to make the system un- 
reliable. 

Various methods for increasing the microwave 
communication system reliability are known, the 
three most practical being frequency diversity, 
space diversity, and, most recently, angle diversity 
systems. Each of the three approaches utilizes one 
or more variables for guarding against the effects 
of changing atmospheric conditions. 

In frequency diversity systems, the microwave 
signal is switched from one frequency channel to 
another when the system detects that the signal is 
fading, or being attenuated, below a predetermined 
level. Because the atmospheric effects are fre- 
quency dependent, the switching of the frequency 
channels can effectively be utilized to minimize 
atmospheric interference. The frequency diversity 
system approach, however, requires that the band- 
width of the system be doubled, thus making it 


impractical in frequency congested areas. 

Space diversity systems utilize two individual 
receiver antennas, each antenna physically sepa- 
rated from the other. It is unlikely that both anten- 

5 nas are affected simultaneously by the fading due 
to the atmospheric effects. The microwave signal 
will therefore be subject to greater fading at one 
antenna location than the other. Thus, the commu- 
nication system can be made more reliable by 

w switching to the receiver antenna with the highest 
input signal. This is a common approach but in- 
creases the cost of the microwave communication 
tower, and doubles the number of the required 
antennas. 

75 Angle diversity systems take advantage of the 

fact that the angle of the incident incoming micro- 
wave signal varies with the atmospheric conditions, 
that is, the radio waves are deflected by the ir- 
regularities or discontinuities in the physical prop- 

20 erties of the atmosphere and are propagated with 
different curvatures than when initially transmitted. 
Present angle diversity systems utilize an antenna 
having a feed with two vertically spaced apertures, 
one being located in the focal point of the antenna, 

25 the other being out of the focal point and directed 
at an angle relative to the first aperture. The type of 
apertures used are normally of the open end 
waveguide type. This antenna type, having a feed 
with two vertically spaced apertures, can not only 

30 receive those microwave signals which are not 
affected during transmission, but can also receive 
those signals which are refracted to the extent of 
the second, non-focal point, aperture. 

However, this antenna type has two disadvan- 

35 tages. First, because of the size of the apertures, 
the proximity of the apertures is limited. Thus, the 
angle between the apertures cannot be decreased 
to an optimum. Secondly, because the amount of 
hardware located in the antenna dish and, thus, in 

40 the radio signal transmission path, is effectively 
doubled, there is greater blockage of the radio 
signal transmission. This causes a lowering of the 
antenna gain as well as a degrading of the radiation 
patterns. High antenna gain and highly directive 

45 radiation patterns are crucial for a reliable commu- 
nications system. 

SUMMARY OF THE INVENTION 

50 The present invention is designed to overcome 

the limitations that are attendant upon the use of 
traditional devices for overcoming atmospheric vari- 
ations in microwave communications systems, and, 
toward this end, it contemplates the provision of a 

55 novel antenna utilizing a phased array feed for 
changing the antenna main beam angle corre- 
sponding to changes in atmospheric conditions. 
The present invention comprises an angle di- 
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versity antenna, that is, an antenna in a microwave 
communication system which can produce main 
beams from the same reflector at slightly different 
angles, the antenna in this case utilizing a phased 
array feed. The phased array feed, which consists 
of a plurality of radiating elements, allows the radi- 
ation pattern, or antenna beam, to be electronically 
changed to receive the strongest RF signal. The 
radio waves, which are subject to the changes in 
atmospheric conditions, are sometimes refracted 
by solar radiation or other atmospheric variations 
thus resulting in wave propagation in elevation an- 
gles different from those as originally transmitted. 
The phased array feed allows for the electronic 
compensation of such atmospheric effects. 

In one embodiment, the present invention con- 
templates the use of two or more groups of phased 
array radiating elements, each group having a 
slightly different main beam angle. In this embodi- 
ment, one group of elements is in the focal point of 
the antenna reflector and has a corresponding main 
beam angle for transmitting and receiving radio 
signals when little or no atmospheric disturbances 
exist. The remaining group or groups of radiating 
elements are located out of the reflector focal point 
and have main beam angles which are slightly 
offset from the first radiating element group. 

A signal strength detector, such as a capacitive 
probe, is utilized to detect the strength of the 
received signal. A system of switches, such as pin- 
diode switches, is used to switch the receiver to 
the group of elements receiving the strongest sig- 
nal. Because the radiating elements in the phased 
array can be located in very close proximity to one 
another, the angular offset can be minimized there- 
by maximizing angular flexibility. In addition, be- 
cause the phased array feed is smaller than two 
conventional waveguide feeds, there is less bloc- 
kage of the transmission signal. 

In another embodiment, a single group of ra- 
diating elements is utilized, the group being posi- 
tioned slightly out of the focal point of the reflector. 
Phase shifters, which may be mounted within the 
feed itself or behind the reflector, are used to shift 
the antenna beam in the direction for receiving the 
microwave signal with the highest power level. The 
phased array feed in this embodiment is even 
smaller in size than in the first embodiment, further 
reducing blockage. 

In an alternative second embodiment, delay 
lines, which induce a predetermined or manually 
adjustable phase shift on the microwave signal, are 
switched into or out of the transmission path of the 
microwave signal for shifting the main beam in the 
direction of maximum signal strength. 

It is an object of the invention to provide a 
microwave antenna for receiving and transmitting 
radio signals, the antenna having a phased array 


feed for changing the antenna main beam angle 
corresponding to changes in atmospheric condi- 
tions. 

Another object of the present invention is to 
5 provide such an antenna having a phased array 
feed with two or more groups of radiating elements, 
each group having a main beam angle slightly 
offset from each other. 

A further object of the present invention is to 
10 provide such an antenna having a signal strength 
detector and a control unit for switching to the 
group of radiating elements receiving the strongest 
signal. 

Another object of the present invention is to 
75 provide an antenna having a phased array feed 
with a single group of radiating elements, the group 
of radiating elements having a main beam angle 
which may be electronically shifted to maximize 
the antenna receiving capability during atmospheric 
20 variations. 

Another object of the present invention is to 
provide such an antenna having a signal strength 
detection and control means for electronically step- 
ping the antenna main beam angle for maximizing 
25 received signal strength. 

A further object is to provide such a device 
which may be readily and economically fabricated 
and will enjoy a long life in operation. 

The above and other objectives and advan- 
30 tages of the invention will become more apparent 
upon reading the description of the invention with 
the drawings described below. 

DESCRIPTION OF THE DRAWINGS 

35 

Figure 1 is diagram illustrating a first embodi- 
ment of the present invention showing an angle 
diversity antenna with a phased array feed incor- 
porating two groups of radiating elements. 

40 Figure 2 is a frontal view of the phased array 

feed of the first embodiment showing the two 
groups of radiating elements. 

Figure 3 is a block diagram of the first embodi- 
ment of the present invention. 

45 Figure 4 illustrates an angle diversity antenna 

having a phased array feed of the first embodi- 
ment, the antenna receiving an unrefracted signal. 

Figure 5 illustrates the same antenna receiving 
a refracted signal. 

so Figure 6 is a diagram illustrating a second 

embodiment of the present invention showing an 
angle diversity antenna with phased array feed 
incorporating a single group of radiating elements 
located slightly out of the focal point of the reflec- 

55 tor. 

Figure 7 is a frontal view of the phased array 
feed of the second embodiment. 

Figure 8 is a block diagram of the second 
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embodiment of the present invention. 

Figure 9 is a block diagram of an alternative 
second embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

First Preferred Embodiment 

Figure 1 illustrates a first embodiment of an 
angle diversity antenna with a phased array feed of 
the present invention. The angle diversity antenna 
10 of the first embodiment comprises a phased 
array feed 1 2 located partially in and partially offset 
from the focal point 14 of a parabolic shaped 
reflector 16. It should be noted that the same 
principle may be used for offset fed and cassegrain 
antennas. The angle diversity antenna system 10 
further comprises a transmission line 18, normally 
a coaxial cable or a waveguide, an RF coupler 20, 
an RF signal strength detector 22 and a signal 
strength control unit 24. Signal strength control unit 
24 is connected to phased array feed 12 by control 
cables 26. 

Referring now to Figure 2, therein is illustrated 
a frontal view of the phased array feed 14 of the 
first embodiment. The phased array feed 14 is 
substantially planer in shape and comprises two 
groups of radiating elements, a first boresight 
group 28 and a second offset group 30. It should 
be noted that additional groups of radiating ele- 
ments may be added to the phased array feed 12 
for maximizing angular flexibility. Each group 28, 
30 comprises four radiating elements, the boresight 
group 28 comprising radiating elements 32a, 32b, 
32c, and 32d, the offset group 30 comprising ra- 
diating elements 32e and 32f and sharing radiating 
elements 32c and 32d with boresight group 28. 
Four radiating elements in each group are used as 
an example and different numbers of elements 
may be used and feed 12 will still function prop- 
erly. The radiating elements of the phased array 
feed 12 may consist of waveguide radiators, but 
are preferably comprised of microstrip lines printed 
on a printed circuit board (PCB). Additionally, the 
radiating elements may be fabricated using gallium 
arsenide (GaAs) or similar technologies if com- 
bined with switches. 

The radiating elements 32a, 32b. 32c, and 32d 
of the boresight group 28 are located symmetri- 
cally about the antenna focal point 14. The radiat- 
ing elements 32c, 32d, 32e, and 32f of the offset 
group 30, on the other hand, are offset from the 
antenna focal point 14. 

Referring now to Figure 3, therein is illustrated 
a block diagram of the angle diversity antenna 10 
having a phased array feed 12 of the present 
invention. The phased array feed 12 comprises two 


groups of radiating elements 28, 30 as was dis- 
cussed hereinabove, and additionally comprises a 
plurality of microwave switches. Connected to each 
radiating element 32a, 32b, 32e, and 32f, is a 

5 corresponding microwave switch 36a, 36b, 36e, 
and 36f. The microwave switches, which, for exam- 
ple, may be PIN diode switches, are controlled via 
control cables 26 by the signal strength control unit 
24. The transmitted or received RF signal is con- 

w veyed to and from the phased array feed 1 2 by RF 
transmission line 18. 

The angle diversity antenna 10 can operate in 
two modes: a "receive" mode wherein the antenna 
system receives a microwave signal from another 

;5 communication system; and a "transmit" mode 
wherein the antenna system 10 transmits a micro- 
wave signal to another communication system. For 
clarity, the present invention will be discussed in 
the receive mode only, although the system works 

20 in substantially the same manner in the transmit 
mode. 

The first embodiment of the angle diversity 
antenna system 10 of the present invention op- 
erates as follows. Referring first to Figure 4, a 

25 microwave signal unaffected by atmospheric con- 
ditions has a wavefront direction as indicated by 
arrows 38. The microwave signal is reflected off 
reflector 16 into focal point 14 of reflector 16 where 
boresight group 28 is located (see Figure 2). The 

30 signal at focal point 14 is received by radiating 
elements 32a, 32b, 32c, and 32d, which are phase 
aligned for receipt of the microwave signal at focal 
point 14. 

As can be seen in Figure 3, the microwave 

35 signal, which is then transmitted via RF transmis- 
sion line 18 to receiver/transmitter 21, is detected 
by signal strength detector 22 subsequent to being 
coupled off by RF coupler 20. If signal strength 
detector 22 senses a signal strength below a pre- 

40 determined level, signal strength control unit 24 
toggles switches 36a, 36b, 36e, and 36f so that 
offset group 30 is activated. 

Referring now to Figure 5, a microwave signal 
which is refracted by atmospheric conditions has a 

45 wavefront direction as indicated by arrows 40. The 
microwave signal is reflected off reflector 16 to a 
point 42 offset from focal point 14. Radiating ele- 
ments 32c, 32d, 32e, and 32f of group 30 are 
phase aligned for receipt of the radio signal at point 

so 42. 

Although the extent of the refraction of the 
microwave signal determines at which point on 
antenna feed 12 the signal will be strongest, the 
amount of refraction is generally calculable. Points 
55 of alignment for the offset groups are chosen for 
optimum system reliability. 

Various configurations of the angle diversity 
antenna 10 may be utilized, that is. microwave 
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switches 36a, 36b, 36e, 36f, RF coupler 20, signal 
strength detector 22, etc., may be mounted out of 
the way behind the reflector 16, or, conversely, 
mounted directly behind feed 12. 

Thus, the first embodiment of the angle diver- 
sity antenna of the present invention adds reliability 
for line-of-sight communications systems by 
switching the antenna launch angle for receipt of 
strongest radio signal corresponding to changes in 
atmospheric conditions. 

Se cond Preferred Embodiment 

Figure 6 illustrates a second embodiment of 
the angle diversity antenna with a phased array 
feed of the present invention. For clarity, identical 
components of the first and second embodiments 
will be identified with the same numeral with an 
additional subscript 2. The angle diversity antenna 
102 of the second embodiment comprises a phas- 
ed array feed 12 2 mounted slightly offset from the 
focal point 142 of the reflector 16 2 . As in the first 
embodiment the angle diversity antenna 10 2 also 
comprises a transmission line 18 2 , an RF coupler 
20 2 . an RF signal strength detector 22 2 and a 
signal strength control unit 242. These components 
are not shown in Figure 6 as they are mounted 
within feed 12 2 . 

Figure 7 illustrates a frontal view of the phased 
array feed 12 2 of the second embodiment. As in 
the first embodiment the phased array feed 12 2 is 
substantially planer in shape but comprises a sin- 
gle group of radiating elements, 32a2, 32b 2 , 32c 2) 
and 32d 2 . Although four radiating elements are 
used as an example, other numbers of radiating 
elements may be used in the feed and the feed will 
still function properly. 

Figure 8 illustrates a block diagram of the 
angle diversity antenna 10 2 having a phased array 
feed 12 2 . Each of the four radiating elements 32a 2 , 
32b 2 , 32c 2 , and 32d 2 is connected to a corre- 
sponding adjustable phase shifter 42a 2 , 42b 2) 42c 2 , 
and 42d 2 . Phase shifters 42a 2 , 42b 2 , 42c 2 , and 
42d 2 , which are voltage or current controlled, that 
is, the amount of phase shift applied to the RF 
signal can be remotely controlled by applying a 
voltage potential or current flow to an input of the 
phase shifters, are utilized to electronically shift the 
antenna main beam angle so that the maximum 
signal input may be received. 

A block diagram of an alternative second em- 
bodiment is shown in Figure 9. Each of the radiat- 
ing elements 32a 2 , 32b 2 , 32c 2 , and 32d 2 is con- 
nected to a microwave switch pair 44a 2 , 44b 2 , 44c 2 
and 44d 2 , respectively. Each microwave switch pair 
44a 2 , 44b 2 , 44c 2 and 44d 2 , which is controlled via 
control cables 26 2 , allows for the switching of the 
microwave signal between two paths: a first path 


having no interconnected components between the 
switches and, thus, negligible phase shift; and a 
second path having a delay line 46a 2 , 46b 2l 46c 2 , 
and 46d 2 , respectively, interconnected between 

5 each switch pair 44a 2 , 44b 2 , 44c 2 and 44d 2 , re- 
spectively. Delay lines 46a 2 , 46b 2 . 46c 2 , and 46d 2 , 
which are devices which induce a fixed or adjust- 
able phase shift to the RF signal, are tuned for a 
calculated point of alignment for optimum system 

70 reliability. Additional transmission paths, each in- 
ducing a different amount of phase shift to the RF 
signal, may be added for each radiating element 
thereby increasing the angular flexibility of the an- 
tenna system. 

75 As in the first embodiment, RF signal strength 

detector 22 2 detects the strength of the RF signal, 
which is coupled off of the transmission line 18 2 by 
RF coupler 20 2 . But in this embodiment, when the 
signal strength falls below a predetermined value, 

20 signal strength control unit 242 transmits control 
signals via control cables 26 2 to phase shifters 
42a 2) 42b 2 , 42c 2 , and 42d 2 , or, in the alternative, to 
microwave switch pairs 44a 2 , 44b 2 , 44c 2 , and 44d 2 
thereby changing the antenna main beam angle. 

25 Each of the RF components discussed above 

may be mounted out of the way behind the reflec- 
tor 16 2 as shown in Figures 1 and 3, or, con- 
versely, may be mounted directly within feed 12 2 
as shown in Figures 6, 8 and 9. In addition, the RF 

30 components which might include the RF to IF con- 
verter may be integrated with the radiating ele- 
ments into one or more substrates. 

Thus, it can be seen that an angle diversity 
antenna utilizing a phased array feed offset from 

35 the focal point of the antenna reflector may be 
utilized for changing the antenna launch angle cor- 
responding to changes in atmospheric conditions. 
This results in an antenna having maximum angular 
flexibility with minimum RF transmission blockage. 

40 The resulting antenna has a high gain and a highly 
directive radiation pattern, both of which are crucial 
for a reliable communications system. 

Claims 

45 

1. An angle diversity antenna feed for radiating 
and receiving RF signals to and from an an- 
tenna reflector, the feed comprising: 

means for selectively radiating and receiv- 
50 ing RF signals at one of a plurality of main 

beam angles, said radiating means comprising 
a plurality of radiating elements configured in a 
phased array; 

means for detecting the signal strength of 
55 a received RF signal and for providing an 

output in response there to; and 

means connected to said radiating means 
and the output of said signal strength detecting 
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means for changing said main beam angle; 

whereby said main beam angle changing 
means changes said main beam angle when 
said signal strength detecting means detects a 
signal strength below a predetermined level. 

2. An angle diversity antenna feed as defined in 
claim 1, wherein said radiating means com- 
prises at least two groups of radiating ele- 
ments, each of said groups being positioned 
and aligned for radiating and receiving at a 
different main beam angle. 

3. An angle diversity antenna feed as defined in 
claim 2, wherein said main beam angle chang- 
ing means comprises switches for switching 
between said groups of radiating elements. 

4. An angle diversity antenna feed as defined in 
claim 3, wherein said switches are PIN diode 
switches. 

5. An angle diversity antenna feed as defined in 
claim 4, wherein said switches are mounted 
within said feed. 

6. An angle diversity antenna feed as defined in 
claim 2, wherein said signal strength detecting 
means comprises a capacitive probe. 

7. An angle diversity antenna feed as defined in 
claim 2, wherein said radiating elements are 
comprised of microstrip. 

8. An angle diversity antenna feed as defined in 
claim 2, wherein each of said two groups of 
radiating elements comprises four radiating 
elements. 

9. An angle diversity antenna feed as defined in 
claim 8, wherein each of said groups share at 
least one radiating element with another group. 

10. An angle diversity antenna feed as defined in 
claim 2, wherein one of said groups is posi- 
tioned in a focal point of said reflector, said 
one group being aligned for radiating and re- 
ceiving RF signals at a predetermined main 
beam angle. 

11. An angle diversity antenna feed as defined in 
claim 10, wherein each of the remaining 
groups is positioned and aligned for receiving 
and radiating at a main beam angle displaced 
from the main beam angle of said group posi- 
tioned in the focal point. 

12. An angle diversity antenna feed as defined in 


claim 1 , wherein said radiating means com- 
prises one group of radiating elements, said 
one group being positioned out of the focal 
point of said reflector. 

s 

13. An angle diversity antenna feed as defined in 
claim 12, wherein said main beam angle 
changing means comprises variable phase 
shifters connected to said radiating elements. 

70 

14. An angle diversity antenna feed as defined in 
claim 12, wherein said radiating elements are 
waveguide radiators. 

75 15. An angle diversity antenna feed as defined in 
claim 12, wherein said main beam angle 
changing means comprises a plurality of 
switch pairs and a plurality of delay lines, said 
switch pairs and said delay lines being con- 

20 nected to said radiating elements. 

16. An angle diversity antenna feed as defined in 
claim 15, wherein each switch pair and each 
delay line correspond to a radiating element. 

25 

17. An angle diversity antenna feed as defined in 
claim 16, wherein each switch pair and cor- 
responding delay line define a first and a sec- 
ond transmission path for the RF signal, said 

30 first transmission path causing a negligible 

phase shift on the RF signal, said second 
transmission path causing a material phase 
shift on the RF signal. 

35 18. An angle diversity antenna feed as defined in 
claim 17, wherein a delay line is in said sec- 
ond transmission path. 
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